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IMMOBILIZATION INDUCED PROLONGED INFLAMMATORY CONDITIONS
IN RAT KNEE CAPSULE
A. Ando, H. Suda, Y. Hagiwara, Y. Onoda, E. Chimoto, E. Itoi. Tohoku Univ.
Sch. of Med., Sendai, Japan
Purpose: Joint immobilization often induces joint stiffness, however, it is
performed in daily examination in orthopaedics. Recent studies suggested
that the joint capsule was one of the main sources of joint stiffness.
In our previous reports, joint immobilization in rat knee joints induced
increased stiffness of the capsule, and up-regulated gene and protein
expressions in the capsule of ﬁbrotic factors, such as TGF-b1 and CTGF.
Though the precise etiology of joint stiffness has been still unknown,
prolonged inﬂammation is one of the possible causes. In this study, we
examined the histological changes of the capsule and expression of
inﬂammatory cytokines by quantitative PCR and immunohistochemistry.
Methods: Experimental Design: Unilateral knee joints were immobilized
at 150 of ﬂexionwith a plastic plate andmetal screws for1, 3 days,1, 2, 4, 8,
16 weeks. Only screws were inserted for sham-operated rats. The immo-
bilized rats and sham-operated rats made up the immobilized group and
the control group, respectively. One hundred and twelve ratswereprepared
for histological analysis (n ¼ 8/each period). Thirty rats were prepared for
quantitative PCR (1 day, 1 week, and 4 weeks; n ¼ 5/each period).
Histology & Immunohistochemistry: The rats were ﬁxed with 4% PFA in
0.1M PBS and the resected knee joints were decalciﬁed in 10% EDTA in
0.01M PBS and embedded in parafﬁn. Five-mm sections were obtained at
the medial mid-condylar region of the knee in the sagittal plane. The
sections were stained with Elastica-Masson and the number of cells per
unit in the capsule was counted. The sections were stained with rabbit
anti-rat IL-6 antibody (Abcam, ab6672) and rabbit anti-rat IL-1b (Ab
Frontier, LF-PA50204), and the expression patterns in the capsule were
examined. Quantitative PCR: The anterior and posterior capsule were
harvested and immediately placed in 1 ml QIAzol (Qiagen). The tissue was
homogenized, the total RNAwas puriﬁed (RNeasy Lipid Tissue Kit, Qiagen),
and the cDNA was synthesized (cDNA Synthesis Kit, Invitrogen). Therelative expression levels of IL-6, IL-1a, IL-1b, TNF-a, and TNF-b as a func-
tion of EF1a1 was calculated.
Results: Histology: The number of cells in the control groups was almost
unchanged throughout the experimental periods. The number of cells at 1
daywasnot changed, however, thenumberat 3 dayswas signiﬁcantly higher
in the immobilized group. The number of cells in the immobilized groups
peaked at 3 days and then gradually decreased after 1 week. Immunocyto-
chemistry: The staining intensity of IL-6 in the capsule was weak at 1 day,
however, the intensitywas stronger at 3 days in the two groups. The staining
intensity in the control groups peaked at 3 days, and decreased after 1week.
The strong staining intensity in the immobilized groups was kept until 4
weeks, and then became weaker at 8 weeks. The staining intensity of IL-1b
was similar fashion to IL-6. Quantitative PCR: Increased expression of IL-6
was observed at 1 day in the two groups. The expression levels in the control
groups were normalized after 1 week, whereas, the expression levels in the
immobilized groups were kept higher level at 1 week.
Conclusions: The prolonged inﬂammatory conditions were kept in the
joint capsule after immobilization. Increased number of cells in the
immobilized group may support the results. It was indicated that pro-
longed inﬂammation and subsequent ﬁbrosis of the joint capsule was
a main pathology of the joint contracture after immobilization.
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CHANGES ON THE EXPRESSION OF ECTOPIC INHIBITOR PROTEIN
SUBUNIT OF F1-F0 ATP SYNTHASE (IF1) IN OSTEOARTHRITIS.
R. Aguilar-Gaytán, F. Pérez-Jiménez, C. Landa-Solís, C. Ibarra. Natl. Inst. of
Rehabilitation, Mexico, City, Mexico
Purpose: Osteoarthritis (OA) is a disease characterized by the cartilage
degradation, and involves the entire joint, including the subchondral bone,
synovial membrane, menisci and periarticular structures. The inﬂammation
and angiogenesis occurs at the osteochondral junction as well as within the
osteoarthritic synovium providing a potential mechanism for the genesis of
pain in knee OA. Menisci play a role in the OA disease while is injured and
there is a strong association between meniscal damage/degenerative tears
and cartilage loss with pathological changes extracellular matrix degenera-
tion with secretion of cytokines and growth factors. A few studies have
investigatedonmeniscal cells in theprocessofOAandangiogenesis.Previous
studies have demonstrated the ectopic localization of mitochondrial F1-F0
ATP synthase as a target for anti-angiogenesis intervention. It has been
shown that b subunits of ATP synthase bind angiostatin on cell surface of
endothelial cells (EC) and mediate down-regulation of endothelial cell
proliferation and migration. Some data suggest that angiostatin inhibits
vascularization by suppression of endothelial ATP metabolism regulating
vascular physiology. Angiostatin blocks IF1 subunit binding at the same
binding site on ATP synthase and abolishes its ability to conserve ATP. We
demonstrated the distribution of IF1 subunit on OA knee joint and evaluate
the regulation of the ectopic expression of IF1 by IL-1b and TNF-a.
Methods: The identiﬁcation of the IF1 subunit of ATP synthase was using
ﬂow cytometry and confocal microscopy using rabbit polyclonal anti-
bodies on cultured human menisci cells. The distribution was detected by
immunoﬂuorescence using the same antibodies.
Results: The ﬂuorescence microscopy results showed a superﬁcial carti-
lage and meniscus marker distribution of IF1 in control whereas the IF1
signal was localized on subchondral bone and hypertroﬁc chondrocytes in
OA samples. Human menisci cells were cultivated after digestion with
collagenase 2 and incubated with polyclonal antibody against IF1 subunit
to show a plasma membrane location in control and different distribution
on OA samples. Histograms of ﬂow cytometry show changes on the IF1
membrane expression under TNF-a and IL-1b. There is low expression of
ectopic IF-1 under IL-1b effect.
Conclusions: We showed that the distribution of the IF1 subunit of ATP
synthase on joint knee change under OA and this expression is regulated
by IL-1b and TNF-a.
